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ABSTRACT 
Alabbas Hussein: ANATOMICAL CAD/CAM POST AND CORE SYSTEMS A CHEWING 
SIMULATION STUDY 
(Under the direction of: Taiseer Sulaiman) 
 
          Objective: The purpose of this study was to evaluate the fracture resistance of 
conventionaland CAD/CAM prefabricated non-metal post and core systems. Few studies have 
looked into the difference between these systems under dynamic loading conditions (chewing 
simulation). Comparing these systems while simulating the clinical environment may provide a 
better picture of the performance of these materials.  
       Materials and Methods: Forty freshly extracted human maxillary premolars were 
endodontically treated and randomly divided into 4 subgroups (n = 10) according to the material: 
(Cast metal, Zirconia, Composite fiber post, fiber-reinforced composite resin). The post and core 
materials were manufactured either conventionally or milled using CAD/CAM technology. All 
samples were exposed to simultaneous artificial aging using a state-of-the-art chewing simulator 
and analyzed based on failure of specimens. Data was analyzed using Kaplen-Meier survival 
analysis and Cox-regression at level of significance (P < 0.05). 
       Results: Results revealed that both Zirconia and Cast-metal post and cores had significantly 
higher fracture resistance and survived cyclic dynamic loading for the duration tested. Trinia and 
fiber posts did not survive the dynamic loading.  
      Conclusions:  Zirconia and Cast metal post and core systems proved to have superior 
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                                    CHAPTER I: REVIEW OF THE LITERATURE 
1.1  Introduction 
      The use of post and core systems is one of the most critical components for restoring 
endodontically treated teeth. Often, full coverage restorations are indicated for teeth that have been 
endodontically treated. As these teeth may be quite compromised, the post and core combination 
become significant as it increases the retention and resistance form 1.  Over the years, there have 
been changes in materials and techniques to better retain these teeth that were compromised prior 
to endodontic treatment. Ideally those materials should have properties that are physically and 
chemically similar to the dentine in order to tolerate routine function, preventing the post system 
from fracture or debonding 2. Restoring endodontically treated teeth with a post and core system 
and a definitive restoration has been shown to improve long-term success 3, thereby one must 
carefully consider the role of post and core systems when restoring endodontically treated teeth.  
     However, the long-term outcome of endodontically treated teeth restored with a post and core 
remains controversial with sparse literature. Cast post and cores have been considered the gold 
standard in restoring endodontically treated teeth 4, 5. Although cast posts have been shown to be 
more retentive over prefabricated posts 6, 7, they can predispose teeth to root fractures 8-12. 
Additionally, they have inherent esthetic challenges and allergy issues, as well as being time 
consuming and technique sensitive. On the other hand, non-metal materials, such as lithium 
disilicates, fiber glass, carbon fiber, and fiber reinforced composite materials have been used as 
alternatives to restore endodontically treated teeth 13, 14. Prefabricated fiber reinforced resin posts 
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have particularly grown in popularity due to their wide availability and ease of use. They provide 
an excellent replacement for metal cast posts in terms of esthetics, ease of application, and several 
other factors that will be further discussed.  Their poor adaptation to oval canals, however, present 
a major drawback. Whether a pre-fabricated or custom-made post and core, one must take into 
consideration how they will be cemented.  When compared to conventional luting agents (i.e. Zinc-
phosphate, Resin self-adhesive cements), adhesive bonding with resin cements has shown to be 
more popular due to improved retention and fracture resistance 15, 16. In addition, adhesive 
cementation can be achieved with metallic posts 17. There are few published in-vitro studies that 
have compared CAD-CAM post and core to fiber reinforced posts. Additionally, those studies 
have several limitations; they do not simulate clinical environment and lack chewing stimulation 
to resemble function in the oral environment.  
      The aim of this study is to compare the survival of conventional metal and CAD/CAM 
fabricated non-metal post and core systems under thermocycling conditions and dynamic loading.  
We hypothesize that anatomical non-metal post/core systems fabricated from CAD/CAM 
technology perform better than conventional cast post/cores under simulated clinical conditions. 
1.2 Review of Literature 
     To retain the final, definitive indirect restoration of endodontically treated teeth, post and core 
systems are often required due to loss of tooth structure 18. Historically, it was believed that post 
placement would strengthen the tooth after endodontic treatment.  That concept of tooth 
fortification using post placement has since become obsolete, and the sole function of an intra-
radicular post is to assist retaining the final restoration 19, 20. One of the major roles of post system 
is to improve survival of the definitive restoration by replacing tooth structure that has been lost 
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due to caries or other restorative procedures. Excluding reinforcement of the teeth roots, post and 
core placement has proven to help the final restoration retention 21, 22. When a core build-up is 
placed on a tooth without an inter-radicular post, this core will be retained by undercut of the 
remaining pulp chamber and to a lesser extent by the bonding to the remaining tooth structure. 
Without the post system, the occlusal forces exerted on the tooth can lead to flexure of the 
remaining tooth structure at the level where the final restoration meets the preparation margin (Fig. 
1.1) 23. Eventually the tooth structure that retains the crown will fail after numerous cycles of 
chewing, and the tooth structure retaining the core may fracture. This concept summarizes the 
main indication of the post and core system: to prevent the tooth-post-core system from failing and 
breaking apart at the ferrule margin. Literature also indicates that the main role of a post is to 
maintain the core. This is particularly important in situations where there is no mechanical 
retention, or in high stress conditions where debonding or fracture is more likely 24-27. Like the 
intra-radicular post selection, the core buildup plays an important role. Functions include restoring 
the residual space in the pulp chamber, functioning as a definitive restoration to seal the access 
opening against the seepage of bacteria and other pathogenic organisms. Bonded core resin core 
build-ups should strengthen the tooth structure. If the bonding is at the junction of where the ferrule 





    
    Several types of post and core systems have been used in restorations of compromised 
endodontically treated teeth: 
1.2.1: Cast metal posts  
      Cast metal posts (Fig. 1.2) have been considered the gold standard in restoring endodontically 
treated teeth 4, 5. In the past, post systems with a high modulus of elasticity post were prevalent, 
including prefabricated metal and titanium posts. However, when evaluating two-part systems 
(prefabricated posts, bonded cores), the failure rate increases as the interface  between the two 
components is at higher risk of debonding/fracture 11. Understanding this illustrates the value of 
the cast post and core as one unit. Another benefit is the customized anatomic form of the post and 
core system, which allows for anti-rotation inside the root canal. This provides resistance to the 
rotational and torsional forces, stabilizing the final restoration. This is particularly helpful in single 
rooted anterior teeth and premolars. Moreover, cast posts are very strong and proven to have 
improved physical properties when compared to fiber posts, particularly in term of fracture 
resistance 28.  
Fig. 1.1: Finite element analysis diagram showing how a crown transmits most 
occlusal to the level of the crown margin (Mamoun, 2017).  
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    To ensure all the advantages of the metal cast post have been maximized, certain steps in the 
design process must be implemented. In order to obtain all the benefits listed above, there is a 
universal agreement that 3 to 4 mm of gutta percha needs to be left in the apex of the canal for 
effective sealing of the root canal system. Preferably, the length of the post should be double the 
length of the clinical crown 29; otherwise the restoration will be predisposed to a higher failure rate 
due to lack of proper length of post 10. Conservation of the canal taper as the post space is prepared 
is also important, as an overly tapered post space can lead to loss of stability and retention 30. Post 
length is particularly important; short posts will predispose the tooth to fracture and provide 
minimal retention. 
     Root fracture is a significant problem in endodontically treated teeth, as it often prevents 
predictable endodontic retreatment or surgery. Subsequently, the tooth is deemed non-restorable, 
and only indicated for extraction. This type of major complication can be attributed to improper 
post space preparation, post design (such as parallel or threaded), and hydraulic pressure applied 
during the cementation process 31. Another major etiology that leads to root vertical fracture and 
often ignored by clinicians is the small nodules that may be present on the body of the posts. This 
may occur when small air bubbles are trapped when the pattern is invested. Often times those 
nodules are overlooked before seating and are forced with the post in the canal system during 
cementation. This can create a wedging effect that leads to root fracture 10. 
      Though the gold standard, cast metal posts are not without disadvantages. Their inherent 
hardness can lead to a wedging effect, causing the chewing forces to be directed on the long axis 
of the tooth structure. This may predispose a tooth to root fracture, as the modulus of elasticity is 
much different than the dentine 8-10, 12. As they are cast from gold alloy, the fabrication cost is 
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much higher than other materials.  They are also time consuming and technique sensitive, and 
present issues with esthetics and allergenicity. This type of post can cause a graying and 
discoloration of the gingival tissue adjacent to it 30, and also has the potential to develop rare type 




1.2.2: Fiber reinforced composite posts 
Fiber reinforced composite posts are made of carbon (rendering it translucent, as with all ceramic 
restorations), quartz (which is pure silica in crystalline form), or glass fibers that are embedded in 
a matrix of epoxy or methacrylate resin fibers. These fibers are oriented parallel to the post’s 
longitudinal axis, and their diameter ranges from 6 to 15 µm33. Glass fiber posts can have 2 
different types of glass: S-glass or E-Glass (which is a higher strength glass). Fiber reinforced 
composite post systems have recently become widely used for several reasons. Their modulus of 
elasticity is similar to the dentine (18.6 Gpa), which makes tooth roots less prone to vertical root 
fractures 34. Intra-radicular material performance is typically measured by modulus of elasticity. 
Fig. 1.2: Cast metal post (Morgano and Milot, 1993). 
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This property is important for post systems, as a higher modulus (more rigid and stiff) can lead to 
vertical root fracture. Materials with similar elasticity to the dentine will distribute the stress more 
uniformly. The lower rate of root fracture was the main reason for the clinical shift away from 
metal cast posts to fiber reinforced composite posts 35. Beside its ease of use, affordable pricing 
and relatively easy retrievability from root canals during retreatment, their inherent translucency 
and esthetics is supreme. This is a critical combination when it comes to restoring endodontically 
treated anterior teeth with all ceramic restorations.  However, prefabricated fiber reinforced posts 
also have disadvantages. For example, these posts are not able to conform to oval, round or 
excessive cylindrical canals. Subsequently, clinicians will rely on resin cement to fill the gap 
between the post and root canal system. This can influence the support provided by the post to the 
final restoration as the interface between the post and core increases 36, as well lead to possible 
failure of root canal treatment due to seepage of bacteria and other microorganisms 37, 38. Also, 
fiber posts have a higher rate of debonding than cast posts. Greater loss of tooth structure, increased 
occlusal forces, parafunctional habits, quality of adhesion, and the presence of ferrule, all play a 
significant factor in debonding of the fiber posts 39. Some studies even confirm that debonding is 
the most frequent failure upon use of fiber posts 40, 41. Moreover, the round thin shape of the post 
deems it unable to resist rotational forces which can lead to post debonding 42. 
1.2.3: Zirconia Posts 
     The word zirconia originates from the Arabic word “Zargun” or gold in color; this word is 
composed of Zar (means gold) and gun color in Persian language. Zirconium is a natural element 
that exists in nature. Its anatomic number is 40, and Martin Heinrich Klaproth (1743-1817), was 
the first chemist who extracted Zirconium oxide from Zircon. In 1963, porcelain fused to metal 
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(PFM) crowns were introduced and for decades this type crown was the go-to restoration for 
clinicians. However, masking the darkness at the porcelain/metal interface can prove to be a 
technical challenge. All ceramic crowns eliminate this esthetic challenge, but historically lacked 
the strength of metal-reinforced restorations.  Zirconia-based crowns combine high strength along 
with the esthetic advantage of all ceramic crowns. With the advancement of in-office milling units, 
indirect zirconia restorations have been rapidly growing in popularity with general dentists. Dental 
restorations fabricated from zirconia include posts, crowns, bridges, implants, and implant 
abutments. Zirconia-based posts are used more widely in anterior teeth and premolars due to their 
high esthetics. While this is particularly useful under all ceramic crowns, it also serves as a good 
alternative option for patients with metal allergy. Several retrospective studies evaluate the 
strength and performance of zirconia posts. They indicate that zirconia posts can survive in 
posterior teeth successfully for more than 10 years 43 . 
 
1.2.4: Trinia  
     Trinia is a contemporary, CAD-CAM, fiber-reinforced composite material that does not require 
firing (Fig. 1.3). It is composed of 40% epoxy resin and 60% fiberglass, has a high flexural strength 
of 390 MPa (N/mm2), and low water adsorption of 0.03%.  The flexural modulus of elasticity of 
trinia is 18.8 GPa, compared to that of dentine at 12–14 GPa.   According to the manufacturer, 
Trinia is “composed of a multi-directional interlacing of fiberglass and resin in several layers”. 
Generally, its dental application is crowns, bridge, implants and their abutments. The company 





1.2.5: Ferrule  
    Ferrule is defined as the “360 collar of the crown surrounding parallel walls of the dentine 
extending coronal to the shoulder of the preparation.” A 2.0 mm height of the tooth structure should 
be available to allow for adequate ferrule effect 44. This concept was demonstrated in a study 45 
that used 25 central incisors restored with a cast post and core and crown. Samples were subjected 
to cyclic fatigue, and divided into groups according to the wall length of the ferrule. Results 
indicated that a ferrule wall of 1.5 mm and greater required more cycles of fatigue to failure 
compared to the groups that had a ferrule height of 1.5 mm or less. This was confirmed in a 5-year 
observational study of over 200 patients 46, 47.  This in-vivo study evaluated teeth receiving a crown 
after endodontic treatment. Different post types were evaluated, including cast post and cores, 
prefabricated metal posts with composite resin core build-up, as well as groups without posts but 
solely resin core build-ups. Teeth were sorted into two groups based on ferrule: one group where 
ferrule was obtained (at least 1-2 mm), and another group where the ferrule was not achievable. 
(Fig. 2). Observations after 5 years indicated that groups with ferrule survived at much higher rate 
(98%) than the group with no ferrule (93%). While ferrule is an important factor in restoration 
survival, clinicians should keep in mind to not violate the biologic width when trying to obtain 
Fig. 1.3: Trinia CAD/CAM material (Trinia, Boston, USA) 
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ferrule. Biologic width is defined as “the dimension of the junctional epithelial and connective 
tissue attachment to the root above the alveolar crest”47. As such, the crown margin should be 
placed at least 2 mm from the crest of the bone, otherwise there is a risk of unpredictable 
inflammation and subsequent bone loss. 
 
1.2.6: CAD-CAM in dentistry 
     Several advancements have been introduced to the dentistry in recent years, some of them 
revolutionizing the way clinicians practice dentistry. Among those is the introduction of CAD-
CAM. While CAD-CAM has been used since the 1960s and dentistry since the 1970s 48, it has 
advanced quickly in the last few decades. This is due to many factors, including the decline in cost 
of computers, the availability of open source software, and the improvement in physical properties 
of milled ceramics. It took many decades for CAD-CAM to reach its current role in dentistry, as 
many challenges had to be overcome. Notably, the cost for the hardware was initially cost 
prohibitive to clinicians, and the scanning technology was technique sensitive. It was challenging 
to digitally capture small details and margins, requiring strict isolation, powder spray and patience.  
Additionally, there were not many material choices available for milling dental restorations.  The 
main option was felspathic porcelain (VITA Mark series), which lacked the strength of 
contemporary ceramics. Three pioneers helped this technology to evolve, Dr. Duret from France, 
Dr. Mormann from Sweden, and Dianne Rekow from the United States. Dr. Duret is recognized 
as the first person utilizing a CAD-CAM workflow in restorative dentistry 49. Around 1971, he 
utilized a digital impression of a prepared tooth and a primitive milling machine to fabricate a 
crown for his wife in less than an hour 50. Dr. Mormann took the CAD-CAM to the next level 
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when he introduced the first commercial system CEREC 51. This was followed relatively quickly 
by the PROCERA system, which was introduced by Dr. Anderrson from Sweden 52. There are 
three main categories of CAD-CAM workflows (Fig. 1.4): (1) Chair side, (2) Laboratory side, and 
(3): Centralized side. In general, CAD-CAM chair side production includes a handheld scanner, a 
personal computer to access the software, and a milling machine. The scanner head is placed 
intraorally, about 2 to 3 mm away from the dentition, to capture a digital image of the teeth. This 
results in a digital model, on which a virtual wax up may be completed. After the final crown 
design is completed, the file can be sent to the milling machine, and the crown is machined. Once 
milled, the crown is finished and polished per the manufacturer’s specifications of the material. 
 
 
1.2.6.1: ADVANTAGES AND DISADVANTAGES OF CAD-CAM: 
      In general, what makes CAD-CAM technology advantageous in dentistry is speed, 
convenience and accuracy. Digital scanning and milling allows for a more streamlined, efficient 
workflow, as many steps may be eliminated – including pouring and mounting the impressions, 
physical wax ups, casting and investing 53. Some scanning companies (i.e. Dentsply Sirona) claim 
Fig. 4.4: CAD/CAM all-ceramic crown synthesis (Andersson and Oden, 1993) 
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that a full arch impression can be made in less than 60 seconds, and the entire dentition in as little 
as 2 minutes 54. A full digital chair side workflow includes not only the introral scanner, but also 
an in-office milling machine. Thus, the clinician can finalize the restoration and seat the same day, 
eliminating the 2nd appointment and fabrication of temporary restoration. This reduces the time 
and labor significantly. Additionally, fabrication cost is reduced. The prefabricated porcelain 
blocks are relatively cheap as they are mass produced, making the turnaround cost for labs and 
dental clinics quite reduced from conventional fabrication methods. This leads to the objective of 
this project: how can CAD-CAM technology be applied to restoring endodontically treated teeth 
to develop an anatomical post and core system?  Due to advancements in both hardware and 
software, CAD-CAM can now produce more precisely fitting posts 55, that can adapt extremely 
well to the root canal system. Also, the production of a one-piece post and core eliminates the 
interface between those components.  Hence, it can lower the failure rate, and eliminate the need 
for a chairside resin base core build-up which can reduce the chair time and costs further. Also, 
the more precise is the fit of the post systems this will help to reduce the size of the cement layer 
between the post and the walls of the canal. This increases favorable frictional retention, which 
can in turn increase the post retention, thus eliminating the need for technique sensitive adhesive 
bonding and minimizing chair time 56. When restoring anterior teeth, CAD-CAM technology can 
be used to mill restorations in high end esthetic porcelain blocks. In esthetic restorations, a cast 
metal post and core can show through these ceramic restorations and also result in the greyish hue 
of the gingiva adjacent to the root of the treated tooth. Zirconia posts eliminate this esthetic risk. 
They are also well tolerated by the tissue (Biocompatible material), and have a very high flexural 






CHAPER II: Materials and Methods 
       This study was approved by UNC IRB # 18-1071. Forty freshly extracted caries-free single 
rooted premolars were cleaned and stored in 0.5% Thymol solution at 4°C at a humidity of 75°F. 
All samples were used within 2 to 3 months from the extraction date. The specimens were 
inspected under Labomed DNT microscope at 2.5X magnification to rule out any cracks or 
factures. Periapical radiographs were taken for each tooth using a Schick 33 intra oral sensor, in 
the buccolingual and mesiodistal direction to ensure comparable root canal morphology. A 
circular/cylindrical type of canal was chosen while excluding all teeth with oval shaped canals. All 
specimens were similar in their dimensions and morphology according to radiographic and visual 
examination. Coronal portions of all teeth were sectioned perpendicular to the long axis of the 
tooth at a level of 2mm above the CEJ to preserve adequate coronal tooth structure for ferrule 
effect. All specimens were standardized to a 13 mm length. 
      Standard endodontic access preparations were carried out using (#2 Carbide bur, Dentsply 
Sirona, USA). Patency of the apical foramen was determined using a #10 K-type file. The working 
length was established 1.0 mm short of the length at which this file exited the foramen, ensuring 
that the apical preparation was complete to within 1 mm of the apex. Canals were mechanically 
prepared with a 15/06 (Vortex Blue, Dentsply Sirona, USA) rotary file using a crown-down 
technique to 2.0 mm short of the working length. Apical instrumentation was performed using 
Vortex blue 35/04 rotary file (Dentsply Sirona, USA). Copious irrigation with a 4% solution of 
sodium hypochlorite (4ml) during instrumentation and 17% EDTA (2ml) was used as a final 1-
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Figure (2.1): Metal post and cores. 
Figure (2.2): Fiber reinforced composite post and core. 
minute soak. The canals were dried with paper points. Master gutta-percha cones (Vortex Blue, 
Dentsply Sirona) were fitted within 1 mm of the working length in all teeth. All specimens were 
obturated gutta-percha coated with AH+ sealer (AH Plus, Dentsply) via warm vertical technique, 
and condensed into the canal.  (System B, SybronEndo). The Teeth were randomly divided in 4 
groups:  
Group 1: Metal post and core (traditional casting) (Fig. 2.1) 
Group 2: Fiber reinforced composite post and core (Trinia) (Fig. 2.2) 
Group 3: Prefabricated fiber post (Relyx Fiber post/3M) (Fig. 2.3) 
Group 4: Zirconia post and core (3Y-TZP) (Fig. 2.4) 
 
 










Figure (2.3): Prefabricated fiber post. 
Figure (2.4): Zirconia post and core (3Y-TZP). 







        Gutta percha was removed using Gates Glidden and #2 Peeso Drill (RelyxTM, Fiber Post 
drills, 3M, USA) while leaving 3 mm at the apical end of the root canal. Post space dimensions 
were 2.5 mm at the coronal part, 1.5 mm at the apical part, and total of 9.0 mm of post length for 
the pre-fabricated fiber post system. This post space was created using the corresponding drilling 
kit system. A 1.5 mm ferrule was created using a chamfer bur electric motor (NSK America Corp., 
USA) at high speed, under constant water irrigation and magnified using Prima DNT microscope 
(Labo America Inc., USA). All procedures were performed by one operator to ensure consistency. 
For the cast metal, zirconia and trinia groups, a vinyl polysiloxane impression material (Imprint™ 
II VPS Impression Material, 3M, USA) was used to capture the post space. All impressions were 
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immediately sent to the lab for processing. A cotton pellet was inserted inside canals to allow for 
3 mm of Cavit (3M™ Cavit™ Temporary Filling Material, 3M, USA) to seal the access opening 
from further contamination. Teeth were retained in a humidifier (Fisherbrand Isotemp CO2 
Incubator, ThermoScientific, USA) at 37°C while the lab was processing posts. The impressions 
were scanned with a laboratory benchtop scanner (3Shape D2000, 3Shape A/S, Inc. Denmark) and 
fabrication of the milled dental prosthesis was carried out using (PrograMill PM7, Ivoclar 
Vivadent, Inc. USA).  A volume reduction of about 2.5% was implemented during the milling 
process in order to provide room for smooth cementation.   
         All posts (except the FRC group), were coated with self-adhesive resin cement (RelyXTM 
Unicem 2 Self-Adhesive Resin Cement, 3M, Inc. USA) according to manufacturer’s instructions 
and inserted into the canals using digital pressure. All extruded cement was removed by disposable 
microbrush (Henry Schein, Inc. USA). For the FRC group, the posts were etched with 37% 
phosphoric acid and bonded (OptiBond™ eXTRa Universal, Kerr Corporation, USA). Posts were 
then coated with self-adhesive resin cement (RelyXTM Unicem 2 Self-Adhesive Resin Cement, 3M 
ESPE, USA ) according to manufacturer’s instructions and inserted into the canals. The seated 
posts and preparations were scanned (3Shape D2000, 3Shape A/S, Inc. Denmark), and full contour 
monolithic zirconia crowns were designed with a dental software (3shape studio). Crowns were 
fabricated with using a 3Y-TZB zirconia and a milling machine (Ivoclar PM7). Finished crowns 
cemented on all groups using Rely X Unicem cement (self-cure) following manufacturer 
instruction. 
       The samples were embedded in acrylic blocks and subjected to compression testing under 
thermocycling conditions using a chewing simulator (SD Mechatronik Chewing Simulator CS-
4.8, SD MECHATRONIK GMBH, Germany) with 110 N load cell at a crosshead speed of 1 
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mm/min at a zero-degree angle. The specimens are subjected to loading for 1.2 million cycles, 
which is equivalent to 5 years of clinical use. 
      Data was analyzed using Statistical Package for Social Sciences (SPSS v26.0, IBM, USA). 
Survival analysis was calculated based on samples that failed during cyclic fatiguing (dynamic 
loading). Kaplen-Meier survival analysis was used to test survival, and post-hoc log rank test 
(Mantel-Cox) was used to test the differences between the groups at (P < 0.05). Cox-regression 
analysis was used to evaluate the hazard ratio using a 95% confidence interval. Two independent 
samples’ T-test was used to determine significant differences in failure cycles between groups that 
















CHAPER III: RESULTS 
       The aim of this in-vitro study was to evaluate the fracture resistance (survival analysis) of 
CAD/CAM fabricated post/cores systems and conventional cast post/core systems by comparing 
4 different systems (Cast Metal (conventional), Zirconia (3-YTZP), Trinia (fiber-reinforced 
composite), and prefabricated fiber posts (DT light post illusion) in endodontically-treated 
mandibular first premolars under artificial thermocycling and dynamic conditions. Each group 
consisted of 10 specimens. All specimens were subject to artificial aging for up to 1,200,000. 
cycles.  
     Results in this study revealed that there were significant differences in the survival rates for the 
different post and core systems tested (P < 0.05). Teeth restored with Cast-metal and Zirconia 
showed similar strength and revealed the highest fracture resistance with all samples surviving the 
maximum static loading (1,200,000 cycles) without fractures. In contrast, Trinia and fiber-posts’ 
samples all fractured before reaching the maximum static loading. The 2-independent samples’ T-
test revealed a statistically significant difference between Fiber posts and Trinia, with the former 
exhibiting a higher fracture resistance than the latter at (p < 0.05).  All Trinia specimens fractured 
at 500,000 cycles of dynamic loading or less, whereas 70% of Fiber post specimens fractured at a 
dynamic loading of 700,000 cycles.  Mean, standard deviations, and fracture resistance of the 





Table (1): Mean, standard deviation and fracture resistance of the different post/core systems. 
Figure (9): Kaplan-Meier Graph of Survival by Post and Core Material. Figure (3.1): Kaplan-Meier Graph of Survival by Post and Core Material. 
Material Number of Specimens Mean (cycles) SD 
Cast Metal 10 1,000,000 0 
Zirconia 10 1,000,000 0 
Trinia 10 405,000 79895.76 
Fiber Post 10 752,000 48027.76 
 
       Kaplan-Meier survival graphs for all groups are displayed in Figure (3.1). The log-rank test 
indicated a statistically significant difference in survival times between the groups, with Zirconia 
and Cast revealing significantly higher survival rates compared to Trinia and Fiber post (P < 0.05).   
 
 
        Cox-regression analysis (odds ratio) (Fig. 3.2) revealed potential association between 
thermocycling and fracture of the different types of posts. The hazard rate (fracture) for both cast 
metal and Zirconia is 0.07% times less likely to fracture than fiber post. However, the hazard rate 
(fracture) for Trinia 835 times higher than fiber posts.  
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CHAPER IV: DISCUSSION 
      Dental materials are selected based on the physical properties required to yield a successful 
restoration. Evidence has shown that endodontically-treated teeth show little resistance to occlusal 
forces due to a significant loss of tooth structure (insufficient coronal portion) and brittleness 58. 
One means of improving the fracture resistance of endodontically-treated teeth is the 
implementation of Posts and Cores. It is therefore crucial to properly select the finest post and core 
system that best increases the longevity of the restoration and provide a better prognosis. Custom-
made cast Ni-Cr post and core systems were among the first introduced, and continue to be the 
gold standard 59. This is because of their high compatibility, high corrosion resistance, and rigidity 
60. However, some studies reported in-vivo failures due to mismatch between the elastic modulus 
of teeth (Dentin) and the metals 10. Other studies reported of Ni-Cr posts’ high stiffness for having 
a breaking point beyond half of the root length 61. Furthermore, fabrication can be time-consuming 
and hence expensive due to multiple laboratory procedures 62. Prefabricated fiber posts were then 
introduced to provide a substitution to metallic posts. The material, composed of carbon and silica 
embedded in a polymer matrix along with some fillers 63, achieved a modulus of elasticity much 
close to dentin, in contrast to metallic posts 64; a characteristic the enables uniform stress 
distribution, and hence reducing the risk of root fracture 65. Nevertheless, failure due to 
dislodgement rather than tooth fracture has been reported 66. This might be attributed due to poor 
post fit and failure to adjust to the root canal anatomy. More recently, fiber-reinforced composite 
posts (FRC) (Trinia) was introduced. Trinia, a custom-made (CAD/CAM) metal-free material 
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offering expeditious preparation, are made of interlacing layers of fiberglass and resin (55% wt 
glass fibers) embedded in their polymer matrix (45% epoxy resin) yielding elastic modulus similar 
to that of natural dentin 67. Additionally, the incorporation of glass or silica fibers to these posts 
have given them superior esthetic qualities. However, shortcomings with these types of posts have 
been reported. Lassila et al. noted a linear relationship between fracture loading and diameter of 
FRC when testing the material using a 3-point bending test following thermocycling conditions, 
with higher diameters having higher flexural strength. This infers that excess preparation and 
remaining root dentin are major contributors to success given that the latter dictates the size of the 
posts selected 65. Other studies related failures of FRC to debonding and loss of retention 21. Owing 
to its high strength, optimal esthetic properties, low solubility as well as the expeditious 
preparation using (CAD/CAM) technology, yttrium-stabilized tetragonal zirconia polycrystals (Y-
TZP) posts were introduced 68. On top of the superior esthetics and functional load properties, the 
new zirconia ceramic posts offer to bypass problems associated with brittleness of conventional 
ceramics. Some studies, however, reported significantly lower fracture resistance of zirconia posts 
compared fiber-reinforced composite posts 69. Previous studies have looked into comparing these 
different post and core systems with conflicting results, and limited clinical relevance 70, 71. Hence, 
the aim of this in-vitro study was to evaluate the fracture resistance of different post and core 
systems (Zirconia, Cast metal (Ni-Cr), Trinia, and Fiber-reinforced composite posts) in 
endodontically-treated mandibular first premolars using a state-of-the-art chewing simulator. 
Dynamic loading provides a better standardization and consistency of testing compared to previous 
studies. Clinically, teeth are continuously exposed to stresses during mastication and 
parafunctional habits. These stresses may degrade the dentin-bonding interface eventually 
affecting survival/longevity of the restoration 72. Moreover, other studies have demonstrated that 
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the temperature changes in the oral cavity can deteriorate both the dentin-bonding interface and 
the restoration itself due to differences in this thermal stress 73. Therefore, it is crucial to simulate 
the ageing process in the oral cavity and implement a standardized protocol for artificial ageing to 
test our restoration materials. Although there is no best way to simulate/accelerate the ageing 
process, numerous studies have used chewing simulators for in-vitro testing.   
      Results of this in-vitro study revealed no statistical significance between fracture resistance of 
cast metal posts and Zirconia posts. Both revealed significantly higher fracture resistance 
compared to prefabricated fiber posts and Trinia (CAD/CAM). These results come in disagreement 
with Gu et al. 74 who demonstrated a higher fracture resistance for fiber-glass posts compared to 
Ni-Cr posts when testing the material’s fracture resistance on anterior teeth. Similarly, Li et al. 75 
reported a higher fracture resistance for fiber-glass posts when testing against Ni-Cr in over-flared 
canals. However, both studies used a universal testing machine with cyclic loading of 5000 and 
12,000 cycles, respectively. In our study, specimens were subject to up to 1,200,000 cycles; a 
significantly higher stress magnitude for both cycles and time. This extended time of stress 
exertion may explain the differences in results. Debonding at the dentin-bonding interface may 
occur at a later stage at which time the restoration is subject to further loading, mimicking the 
clinical scenario in the oral cavity. Moreover, both studies used maxillary central incisors to test 
the material; the latter of which requires less biting force than premolars, as in our study. In another 
study, Newman et al. 76 reported when comparing the fracture resistance of different composite 
posts while controlling them to cast metal posts, that the latter revealed a significantly higher 
fracture resistance than all fiber-reinforced composite posts, regardless of whether the canals were 
flared or narrow. This corroborates the findings of our study demonstrating the superior strength 
of cast metal posts compared to fiber posts. Moreover, their experimental conditions entailed 
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applying a constant load until failure occurred, bringing it closer to the experimental conditions of 
our study. The mean load values were not only affected by the type of post or tooth being used for 
testing, but also time at which these restorative materials were subject to cyclic conditions.  
      Zirconia, similar to cast metal Ni-Cr, revealed significantly higher fracture resistance 
compared to fiber-reinforced composite posts. This comes in agreement with findings of Pfeiffer 
et al. 77 who evaluated the yield strength of Zirconia and Fiber-reinforced posts and demonstrated 
a higher yield strength in the latter using 3 different post diameters and a bending test. In contrast, 
however, Habibzadeh et al. 69 reported a lower fracture resistance of zirconia compared to fiber-
reinforced posts. They attributed the failure to the higher elastic modulus (stiffness) of Zirconia. 
In contrast, Beck et al. 78 reported no significant difference in the fracture resistance between 
Zirconia and Fiber-posts. However, their study was performed on artificial teeth simulating the 
root canal system, which comes with numerous limitations.  
     Trinia posts showed a significantly lower fracture resistance when compared to the other three 
groups. These results come in disagreement with Suzaki et al. 79 who demonstrated significantly 
higher fracture resistance of multi-directional Trinia CAD/CAM specimens (longitudinal,  
longitudinal-rotated) over conventional composites using a 3-point bend test. The multi-directional 
mesh layers may have attributed to this higher strength due to a more efficient propagation of force 
leading to an increase in fracture resistance. However, different in-vitro testing may have 
accounted for this discrepancy in findings. Three-point testing applies force in the central part of 
the beam without movement of the specimen. Oral chewing simulators (as employed in this study) 
load stresses axially during constant cyclic dynamic loading on par with mastication. Furthermore, 
studies have shown that the application of thermal and mechanical cyclic loading decrease the 
micro-tensile bond strength at the dentin-bonding interface 72. The newly engineered multi-
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directional fibers in Trinia might contribute to superior physical properties, but it is remains 
unclear if this composition affects the dentin-bonding interface and its retention in the post space.  
     Limitations of this study should also be noted. For example, in-vitro testing does not fully 
extrapolate to a clinical scenario. Also, it is difficult to measure the degree of polymerization of 
the material across the tooth structure all the way to the apex, and if differences in polymerization 
between the different teeth existed. It would be enlightening, however, to understand the point at 
which the specimens fractured micromechanically, and to extend the dynamic loading until 
fracture occurred in all specimens and make comparisons.  
















CHAPER IV: CONCLUSIONS 
      Taken into consideration the limitations mentioned, results of our study suggest that Zirconia 
posts demonstrated superior physical properties. While its fracture resistance was not significantly 
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